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(57) ABSTRACT

A benzoguanamine compound having an amino methyl
group is represented by the following Formula (1), or a salt
thereof:

@
N
n(HNH,C) ?\/j>_<N :<
N
w7 N\ -
N

wherein R represents a substituent selected from the group
consisting of hydrogen, an alkyl group having 1 to 10
carbon atoms, an alkoxy group having 1 to 10 carbon
atoms, an aryl group having 6 to 10 carbon atoms, an
aryloxy group having 6 to 10 carbon atoms, a hydroxyl
group, an amide group, and a halogen atom, and n is an
integer of 1 to 2.

H
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5 Claims, 15 Drawing Sheets
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1
BENZOGUANAMINE COMPOUND HAVING
AMINOMETHYL GROUP, OR SALT
THEREOF, AND METHOD FOR
MANUFACTURING THE SAME

TECHNICAL FIELD

The present invention relates to a benzoguanamine com-
pound having an aminomethyl group, or a salt thereof, and
a method for manufacturing the same.

BACKGROUND ART

A benzoguanamine compound is an important raw mate-
rial for thermosetting resins having excellent properties in
terms of compatibility with an oil-soluble resin, water resis-
tance, chemical resistance, heat resistance, surface gloss,
electrical properties, stain resistance, and crack resistance.
Such thermosetting resins are used as thickeners for coating
materials, molding resins, decorative boards, resins for pro-
cessing fiber and paper, adhesives, and heat-resistant lubri-
cants. Also, a benzoguanamine compound is an important
compound for organic synthetic chemistry, as a raw material
for polyamide and an additive for increasing flame retar-
dance, and as an agent for preventing resist peeling, a UV
ray absorber, or a raw material for medical drugs. Many
types of guanamine are conventionally known (refer to
Patent Literature 1 to 5).

CITATION LIST
Patent Literature
Patent Literature 1: HO7-
10871
Patent Literature 2:
202007
Patent Literature 3:
10850
Patent Literature 4:
256048

Patent Literature 5:
200249

Japanese Patent Laid-Open No.

Japanese Patent Laid-Open No. HOS5-

Japanese Patent Laid-Open No. HO7-

Japanese Patent Laid-Open No. H03-

Japanese Patent Laid-Open No. H03-

SUMMARY OF INVENTION
Technical Problem

A benzoguanamine compound having an aminomethyl
group in the benzene ring, or a salt thereof is, however, not
known. A benzoguanamine compound having an aminom-
ethyl group in the benzene ring, or a salt thereof is expected
to be an important compound as a raw material of thermo-
setting resins in organic synthetic chemistry.

The present invention has been made in view of the above
problem. An object of the present invention is to provide a
new benzoguanamine compound having an aminomethyl
group, or a salt thereof, or an industrially advantageous
method for manufacturing a benzoguanamine compound or
a salt thereof.

Solution to Problem

The present inventors have performed extensive investi-
gations to solve the problem. As a result, it was found that
a benzoguanamine compound having an aminomethyl
group, or a salt thereof can be manufactured by hydrogen
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2

reduction of cyanobenzoguanamine, or by reaction between
aminomethylbenzonitrile and dicyandiamide, and have
completed the present invention.

Namely, the present invention is as follows.
(1]

A benzoguanamine compound having an amino methyl
group represented by the following Formula (1), or a salt
thereof:

L
N
n(H,NH,C) ?_ N :<
N
A\
N

wherein R represents a substituent selected from the
group consisting of hydrogen, an alkyl group having 1
to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, an aryl group having 6 to 10 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms,
a hydroxyl group, an amide group, and a halogen atom,
and n is an integer of 1 to 2.

H
H.

2

(2]

The benzoguanamine compound having an amino methyl
group, or the salt thereof according to the previous section
[1], comprising o-aminomethylbenzoguanamine, m-amin-
omethylbenzoguanamine, or p-aminomethylbenzoguan-
amine, or a salt thereof.

(3]

A method for manufacturing a benzoguanamine com-
pound having an amino methyl group, or a salt thereof
comprising:

a reduction step for obtaining the benzoguanamine com-
pound represented by the following Formula (1) having
an aminomethyl group, or the salt thereof by hydrogen
reduction of a cyanobenzoguanamine compound rep-
resented by the following Formula (2), or a salt thereof
in the presence of a catalyst and a solvent:

NIL
n(NC) ?/\j>_<N:< +2nH,
\ N >
Y / \N4/<
NH.

2

@

N.

HHNHC) /== N:<
-/ \_4
4<N

M

H
H

wherein R represents a substituent selected from the
group consisting of hydrogen, an alkyl group having 1
to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, an aryl group having 6 to 10 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms,



US 9,458,116 B2

3

a hydroxyl group, an amide group, and a halogen atom;
and n is an integer of 1 to 2.
[4]

The method for manufacturing the benzoguanamine com-
pound having an amino methyl group or a salt thereof
according to the previous section [3], wherein the catalyst
comprises a sponge metal catalyst.

(3]

A method for manufacturing a benzoguanamine com-
pound having an amino methyl group, or a salt thereof
comprising:

a reaction step for obtaining the benzoguanamine com-
pound represented by the following Formula (1) having an
aminomethyl group by reacting an aminomethylbenzonitrile
compound represented by the following Formula (3), or a
salt thereof with a dicyandiamide compound represented by
the following Formula (4), or a salt thereof:

n(HZNHZC)\_ NH
<\:>—CN + HZN%
R/\ / HN—CN
3

(¢

4)
N
n(HNH,C) ?_ N :<
N
A/
N

M

H
Ha

wherein R represents a substituent selected from the
group consisting of hydrogen, an alkyl group having 1
to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, an aryl group having 6 to 10 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms,
a hydroxyl group, an amide group, and a halogen atom;
and n is an integer of 1 to 2.

Advantageous Effect of Invention

The present invention can provide a new benzoguanamine
compound having an aminomethyl group, or a salt thereof,
and an industrially advantageous method for manufacturing
a benzoguanamine compound or a salt thereof.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a '"H-NMR chart of m-aminomethylbenzo-
guanamine.

FIG. 2 shows a *C-NMR chart of m-aminomethylben-
zoguanamine.

FIG. 3 shows an IR chart of m-aminomethylbenzoguan-
amine.

FIG. 4 shows a GC-MS El+ chart of m-aminomethylben-
zoguanamine.

FIG. 5 shows a GC-MS Cl+ chart of m-aminomethylben-
zoguanamine.

FIG. 6 shows a '"H-NMR chart of p-aminomethylbenzo-
guanamine.

FIG. 7 shows a 1*C-NMR chart of p-aminomethylbenzo-
guanamine.

FIG. 8 shows an IR chart of p-aminomethylbenzoguan-
amine.
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FIG. 9 shows a GC-MS El+ chart of p-aminomethylben-
zoguanamine.

FIG. 10 shows a GC-MS CI+ chart of p-aminomethyl-
benzoguanamine.

FIG. 11 shows a "H-NMR chart of 2,5-dimethyl-4-amin-
omethylbenzoguanamine.

FIG. 12 shows a *C-NMR chart of 2,5-dimethyl-4-
aminomethylbenzoguanamine.

FIG. 13 shows an IR chart of 2,5-dimethyl-4-aminometh-
ylbenzoguanamine.

FIG. 14 shows a GC-MS EI+ chart of 2,5-dimethyl-4-
aminomethylbenzoguanamine.

FIG. 15 shows a GC-MS CI+ chart of 2,5-dimethyl-4-
aminomethylbenzoguanamine.

DESCRIPTION OF EMBODIMENT

Embodiments of the present invention (hereinafter,
referred to as “the present embodiment™) are described in
detail below, though the present invention is not limited
thereto. Various modifications may be made in the present
invention within a range not departing from the spirit
thereof.

[Benzoguanamine Compound Having Aminomethyl Group,
or Salt Thereof]

The benzoguanamine compound having an aminomethyl
group, or a salt thereof in the present embodiment is
represented by the following Formula (1).

NH,
n(HZNHZC)?_ N:<
N

/AW

NH,

(In the Formula (1), R represents a substituent selected
from the group consisting of hydrogen, an alkyl group
having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms, a hydroxyl
group, an amide group, and a halogen atom, and n is an
integer of 1 to 2.)

In the Formula (1), examples of the alkyl group having 1
to 10 carbon atoms represented by R include a methyl group,
an ethyl group, a linear or branched propyl group, a linear or
branched butyl group, a linear or branched pentyl group, a
linear or branched hexyl group, a linear or branched heptyl
group, a linear or branched octyl group, a linear or branched
nonyl group, a linear or branched decyl group, and a cyclic
cyclohexyl group, though not particularly limited.

In the Formula (1), examples of the alkoxy group having
1 to 10 carbon atoms represented by R include a methoxy
group, an ethoxy group, a linear or branched propoxy group,
a linear or branched butoxy group, and a cyclic cyclohexy-
loxy group, though not particularly limited.

In the Formula (1), examples of the aryl group having 6
to 10 carbon atoms represented by R include a phenyl group
and a benzyl group, though not particularly limited.

In the Formula (1), examples of the aryloxy group having
6 to 10 carbon atoms represented by R include a phenoxy
group, though not particularly limited.

M
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In the Formula (1), examples of the halogen atom repre-
sented by R include a chlorine atom, a fluorine atom and a
bromine atom.

Examples of the benzoguanamine compound having an
aminomethyl group or a salt thereof in the present embodi-
ment include o-aminomethylbenzoguanamine, m-aminom-
ethylbenzoguanamine, p-aminomethylbenzoguanamine,
3,5-bis(aminomethyl)benzoguanamine,  3,4-bis(aminom-
ethyl)benzoguanamine, 2,5-dimethyl-4-aminomethylbenzo-
guanamine, or a salt thereof, though not particularly limited.

Examples of the salt of the benzoguanamine compound
having an aminomethyl group include a salt of a benzogua-
namine compound with an inorganic and/or organic acid,
though not particularly limited. In particular, the salt of a
cyanobenzoguanamine compound with any one of hydro-
chloric acid, carbonic acid, and acetic acid is preferred.
[Method for Manufacturing Benzoguanamine Compound
Having Aminomethyl Group, or Salt Thereof]

The benzoguanamine compound having an aminomethyl
group, or a salt thereof in the present embodiment may be
manufactured by a manufacturing method 1 or a manufac-
turing method 2. The manufacturing method 1 includes a
reduction step for obtaining the benzoguanamine compound
represented by the following Formula (1) having an amin-
omethyl group, or a salt thereof by hydrogen reduction of a
cyanobenzoguanamine compound represented by the fol-
lowing Formula (2), or a salt thereof in the presence of a
catalyst and a solvent. The manufacturing method 2 includes
a reaction step for obtaining the benzoguanamine compound
represented by the following Formula (1) having an amin-
omethyl group, or a salt thereof by reacting the below-
described aminomethylbenzonitrile compound represented
by the following Formula (3), or a salt thereof with a
dicyandiamide compound represented by the following For-
mula (4), or a salt thereof.

[Manufacturing Method 1]
[Reduction Step]

The reduction step is a step for obtaining the benzogua-
namine compound represented by the following Formula (1)
having an aminomethyl group, or a salt thereof by hydrogen
reduction of a cyanobenzoguanamine compound repre-
sented by the following Formula (2), or a salt thereof in the
presence of a catalyst and a solvent. The hydrogen reduction
reaction of a cyanobenzoguanamine compound or a salt
thereof is as follows. The hydrogen reduction method may
be performed, for example, by charging a reactor with a raw
material (a cyanobenzoguanamine compound or a salt
thereof), a catalyst, a solvent, and hydrogen for the reaction,
though not particularly limited.

NIL
n(NC) ?/\j>_<N :< +2nH,
\ N -
Y / \N4/<
NTL

@

N.

HENHC) /== N=<
/7 \_4
4<N

M

H
H

(In the Formula (1) and the Formula (2), R represents a
substituent selected from the group consisting of hydrogen,
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an alkyl group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, an aryl group having 6 to 10
carbon atoms, an aryloxy group having 6 to 10 carbon
atoms, a hydroxyl group, an amide group, and a halogen
atom; and n is an integer of 1 to 2.)
(Cyanobenzoguanamine Compound or Salt Thereof)

The cyanobenzoguanamine compound or a salt thereof as
a raw material represented by the Formula (2) can be
suitably obtained, for example, by a reaction of phthaloni-
trile with dicyandiamide.

N
n(NC)?_ N:<
/\C}_<\ /

R N
4<N

(In the Formula (2), R represents a substituent selected
from the group consisting of hydrogen, an alkyl group
having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms, a hydroxyl
group, an amide group, and a halogen atom; and n is an
integer of 1 to 2.)

In the Formulas (1) and (2), examples of the alkyl group
having 1 to 10 carbon atoms represented by R include a
methyl group, an ethyl group, a linear or branched propyl
group, a linear or branched butyl group, a linear or branched
pentyl group, a linear or branched hexyl group, a linear or
branched heptyl group, a linear or branched octyl group, a
linear or branched nonyl group, a linear or branched decyl
group, and a cyclic cyclohexyl group.

In the Formulas (1) and (2), examples of the alkoxy group
having 1 to 10 carbon atoms represented by R include a
methoxy group, an ethoxy group, a linear or branched
propoxy group, a linear or branched butoxy group, and a
cyclic cyclohexyloxy group.

In the Formulas (1) and (2), examples of the aryl group
having 6 to 10 carbon atoms represented by R include a
phenyl group and a benzyl group, though not particularly
limited.

In the Formulas (1) and (2), examples of the aryloxy
group having 6 to 10 carbon atoms represented by R include
a phenoxy group, though not particularly limited.

In the Formulas (1) and (2), examples of the halogen atom
represented by R include a chlorine atom, a fluorine atom
and a bromine atom.

Examples of the cyanobenzoguanamine compound rep-
resented by the Formula (2), or a salt thereof include
o-cyanobenzoguanamine, m-cyanobenzoguanamine, p-cya-
nobenzoguanamine, 3,5-dicyano-1-benzoguanamine, 3,4-
dicyano-1-benzoguanamine, 2,5-dimethyl-4-cyanobenzo-
guanamine, and a salt thereof, though not particularly
limited.

Examples of the salt of a cyanobenzoguanamine com-
pound represented by the Formula (2) include the salt of a
cyanobenzoguanamine compound with an inorganic and/or
organic acid, though not particularly limited. In particular, a
salt of a cyanobenzoguanamine compound with any one of
hydrochloric acid, carbonic acid, and acetic acid is preferred.
(Catalyst)

The catalyst used for hydrogen reduction is not particu-
larly limited as long as having hydrogen reduction activity,

@
Ha
H.

2
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and examples thereof include a catalyst of nickel, cobalt,
palladium, and a precious metal such as platinum supported
in a highly dispersed state on a carrier such as silica,
alumina, zirconia, titania, and magnesia; and a sponge metal
catalyst made of an alloy of nickel or cobalt and aluminum
treated with alkali. In particular, a nickel sponge metal
catalyst is preferred, since it has high activity at a relatively
low cost. The catalysts may be used alone or in combination
of two or more.

The catalyst in a powder or granule form may be used in
a suspended-bed reactor. Alternatively the catalyst in a pellet
or crushed form may be used in a fixed-bed reactor.

The amount of the catalyst used is preferably 0.00010 to
1000 parts by mass, more preferably 0.0010 to 10 parts by
mass, furthermore preferably 0.010 to 1.0 part by mass,
based on 1 part by mass of a cyanobenzoguanamine com-
pound or a salt thereof, though not particularly limited. With
an amount of the catalyst used of 0.00010 parts by mass or
more, the reaction tends to proceed more efficiently. With an
amount of the catalyst used of 1000 parts by mass or less,
more economical advantages tend to be obtained.
(Solvent)

Examples of the solvent for use in hydrogen reduction
include: water; alcohols such as methanol, ethanol and
propanol; hydrocarbons such as hexane, benzene, toluene,
and xylene; ethers such as tetrahydrofuran; amides such as
dimethylformamide; ammonia; amines such as benzylamine
and xylenediamine, though not particularly limited. In par-
ticular, methyl cellosolve (2-methoxyethanol) is preferred,
in which the raw materials and the products have high
solubility. The solvents may be used alone or in combination
of two or more.

The amount of the solvent used is preferably 0.10 to 1000
parts by mass, more preferably 1.0 to 100 parts by mass,
furthermore preferably 5.0 to 50 parts by mass, based on 1
part by mass of a cyanobenzoguanamine compound or a salt
thereof, though not particularly limited. With an amount of
the solvent used of 0.10 parts by mass or more, the raw
materials and the products tend to be more easily dissolved
and the reaction tends to proceed more efficiently. With an
amount of the solvent used of 1000 parts by mass or less,
more economical advantages tend to be obtained.

In order to improve selectivity, a basic compound such as
an alkali metal compound, an alkaline earth metal com-
pound, and an amine compound may be added to the solvent.
In particular, potassium hydroxide and sodium hydroxide
are preferred from the viewpoints of the effect of addition
and the economy. The basic compounds may be used alone
or in combination of two or more.

(Hydrogen)

Alarge excess amount of hydrogen is typically used based
on a cyanobenzoguanamine compound or a salt thereof for
hydrogen reduction, though not particularly limited. The
hydrogen for use may be diluted with nitrogen or a rare gas
which is stable in the reaction conditions.

The reaction method may be arbitrarily chosen from a
batch type and a continuous flow type. In the batch type, the
sequence of addition of raw materials may be also arbitrarily
selected.

A benzoguanamine compound having an aminomethyl
group, or a salt thereof may be easily collected from the
reaction liquid by a conventional method such as distillation,
recrystallization, and extraction.

The reaction pressure is preferably 0 to 100 MPa, more
preferably 1 to 10 MPa, furthermore preferably 2 to 6 MPa,
though not particularly limited.
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The reaction temperature may be appropriately adjusted
depending on the charging ratio of raw materials and reac-
tion conditions, being preferably 20 to 200° C., more pref-
erably 40 to 150° C., furthermore preferably 50 to 100° C.

The reaction time may be appropriately adjusted depend-
ing on the charging ratio of raw materials and reaction
conditions, being preferably 1 to 1000 minutes, more pref-
erably 5 to 500 minutes, furthermore preferably 10 to 300
minutes, in a batch method.

[Manufacturing Method 2]
[Reaction Process]

The reaction step includes reacting an aminomethylben-
zonitrile compound represented by the following Formula
(3), or a salt thereof with a dicyandiamide compound
represented by the following Formula (4), or a salt thereof
so as to obtain a benzoguanamine compound having an
aminomethyl group represented by the following Formula
(1). The reaction of an aminomethylbenzonitrile compound
or a salt thereof with a dicyandiamide compound or a salt
thereof is represented by the following formula.

n(HZNHZC)\_ NH
<\:>—CN + HZN%
R/\ / HN—CN
3

“
NH,
n(H>NH,C) ?i>_<N :<
N
s\ %
NH,

@®

(In the Formula (3), R represents a substituent selected
from the group consisting of hydrogen, an alkyl group
having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms, a hydroxyl
group, an amide group, and a halogen atom, and n is an
integer of 1 to 2.)

(Aminomethylbenzonitrile Compound and Salt Thereof)

In the Formula (3), examples of the alkyl group having 1
to 10 carbon atoms represented by R include a methyl group,
an ethyl group, a linear or branched propyl group, a linear or
branched butyl group, a linear or branched pentyl group, a
linear or branched hexyl group, a linear or branched heptyl
group, a linear or branched octyl group, a linear or branched
nonyl group, a linear or branched decyl group, and a cyclic
cyclohexyl group.

In the Formula (3), examples of the alkoxy group having
1 to 10 carbon atoms represented by R include a methoxy
group, an ethoxy group, a linear or branched propoxy group,
a linear or branched butoxy group, and a cyclic cyclohexy-
loxy group.

In the Formula (3), examples of the aryl group having 6
to 10 carbon atoms represented by R include a phenyl group
and a benzyl group, though not particularly limited.

In the Formula (3), examples of the aryloxy group having
6 to 10 carbon atoms represented by R include a phenoxy
group, though not particularly limited.

In the Formula (3), examples of the halogen atom repre-
sented by R include a chlorine atom, a fluorine atom and a
bromine atom. A salt obtained by neutralizing an amino
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group of an aminomethylbenzonitrile compound or a salt
thereof with an acid such as hydrochloric acid may be also
used in the reaction process.

Examples of the aminomethylbenzonitrile compound or a
salt thereof, represented by the Formula (3) include o-amin-
omethylbenzonitrile, m-aminomethylbenzonitrile, p-amin-
omethylbenzonitrile, 3,5-bis(aminomethyl)benzonitrile,
2,5-bis(aminomethyl)benzonitrile,  2,4-bis(aminomethyl)
benzonitrile, and a salt thereof, though not particularly
limited.

Examples of the salt of an aminomethylbenzonitrile com-
pound represented by the Formula (3) include a salt of an
aminomethylbenzonitrile compound with an inorganic and/
or organic acid, though not particularly limited. In particular,
a salt of an aminomethylbenzonitrile compound with any
one of hydrochloric acid, carbonic acid, and acetic acid is
preferred.

(Catalyst)

In the reaction between an aminomethylbenzonitrile com-
pound or a salt thereof and a dicyandiamide compound or a
salt thereof, a catalyst may be used. Preferred examples of
the catalyst for use include a basic compound such as an
alkali metal compound and an alkali earth metal compound,
though not particularly limited.

Examples of the alkali metal compound and the alkali
earth metal compound include a hydroxide, fluoride, a
chloride, a bromide, a iodide, an oxide, a sulfide, a carbon-
ate, a hydrogen carbonate, a sulfate, and an organic acid salt
of lithium, sodium, potassium, rubidium, beryllium, mag-
nesium, calcium, strontium, or barium though not particu-
larly limited. In particular, potassium hydroxide is preferred,
due to easy availability at low cost.

The amount of the catalyst used is preferably 0.00010 to
100 mol, more preferably 0.0010 to 10 mol, furthermore
preferably 0.0050 to 5.0 mol, based on 1 mol of an amin-
omethylbenzonitrile compound or a salt thereof, though not
particularly limited. With an amount of the catalyst used of
0.00010 mol or more, the reaction tends to proceed more
efficiently. With an amount of the catalyst used of 100 mol
or less, more economical advantages tend to be obtained. In
particular, when an aminomethylbenzonitrile salt is used, the
amount of the catalyst used is preferably an equivalent or
more based on 1 mol of the aminomethylbenzonitrile salt.
(Solvent)

In the reaction between an aminomethylbenzonitrile com-
pound or a salt thereof and a dicyandiamide compound or a
salt thereof, a solvent may be used. Examples of the solvent
for use include: water; alcohols such as methanol, ethanol,
propanol, and butanol; hydrocarbons such as hexane, ben-
zene, toluene, and xylene; ethers such as tetrahydrofuran;
amides such as dimethylformamide; amines such as ben-
zylamine and xylenediamine, though not particularly lim-
ited. The solvents may be used alone or in combination of
two or more. In particular, methyl cellosolve (2-methoxy-
ethanol), butanol, and methanol are preferred, in which the
raw materials and the products have high solubility.

The amount of the solvent used is preferably 0.10 to 1000
parts by mass, more preferably 1.0 to 100 parts by mass,
furthermore preferably 5.0 to 50 parts by mass, based on 1
part by mass of a cyanobenzoguanamine compound or a salt
thereof as raw material, though not particularly limited. With
an amount of the solvent used of 0.10 parts by mass or more,
the reaction tends to proceed more efficiently. With an
amount of the solvent used of 1000 parts by mass or less,
more economical advantages tend to be obtained.
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Examples of the atmosphere for the reaction include
nitrogen or a rare gas which is stable in the reaction system,
though not particularly limited.

The reaction method may be arbitrarily chosen from a
batch type and a continuous flow type. In the batch type, the
sequence of addition of raw materials may be also arbitrarily
selected.

A benzoguanamine compound having an aminomethyl
group, or a salt thereof may be easily collected from the
reaction liquid by a conventional method such as distillation,
recrystallization, and extraction. A method for collecting
crystals from the reaction liquid by using a solvent in which
an aminomethylbenzonitrile compound or a salt thereof as
raw material is easily dissolved and a benzoguanamine
compound having an aminomethyl group, or a salt thereof as
product is hardly dissolved, is particularly simple and pref-
erable.

The preferred reaction pressure may be a pressure under
normal-pressure reflux conditions or under self-pressure
conditions of the solvent in a closed vessel, though not
particularly limited.

The reaction temperature may be appropriately adjusted
depending on the charging ratio of raw materials and reac-
tion conditions, being preferably 20 to 300° C., more pref-
erably 50 to 250° C., furthermore preferably 70 to 200° C.

The reaction time may be appropriately adjusted depend-
ing on the charging ratio of raw materials and reaction
conditions, being preferably 1 minute to 100 hours, more
preferably 5 minutes to 50 hours, furthermore preferably 10
minutes to 10 hours, in a batch method.

The benzoguanamine compound having an aminomethyl
group, or a salt thereof in the present embodiment may be
used as raw material for thermosetting resins having excel-
lent properties in terms of compatibility with an oil-soluble
resin, water resistance, chemical resistance, heat resistance,
surface gloss, electrical properties, stain resistance, and
crack resistance.

EXAMPLES

Hereinafter, the present invention is more specifically
described with reference to Examples and Comparative
Examples. The present invention is not limited by the
following Examples in any manner.

Commercially available reagents (manufactured by Wako
Pure Chemical Industries, Ltd., Tokyo Chemical Industry
Co., Ltd., or Sigma-Aldrich Co. LLC.) were used as raw
materials. Each component was identified by NMR (deuter-
ated DMSO solvent), IR, or GC-MS spectroscopy. Further-
more, analysis of the reaction liquid was performed by gas
chromatography with an internal standard. The yield is
represented in mol %.

Synthesis Example 1
Synthesis of m-cyanobenzoguanamine

A 200 mL three-neck flask equipped with a thermometer
sheath tube and a reflux condenser was charged with 12.8 g
of isophthalonitrile, 8.45 g of dicyandiamide, 0.95 g of
potassium hydroxide, and 128 g of 1-butanol. The mixture
was heated to reflux at 120° C. for 1 hour under agitation at
normal pressure. Subsequently, crystals precipitated after
cooling were filtered off and washed with a small amount of
methanol, and then vacuum-dried to obtain m-cyanobenzo-
guanamine at a yield of 81%.
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Synthesis Example 2

Synthesis of p-cyanobenzoguanamine

Except that terephthalonitrile was used instead of
isophthalonitrile, the same procedures were repeated as in
Synthesis Example 1, so that p-cyanobenzoguanamine was
obtained at a yield of 85%.

Synthesis Example 3
Synthesis of 2,5-dimethyl-4-cyanobenzoguanamine

A 200 mL three-neck flask equipped with a thermometer
sheath tube and a reflux condenser was charged with 3.8 g
of 2,5-dimethylterephthalonitrile, 2.2 g of dicyandiamide,
0.21 g of potassium hydroxide, and 52 g of 1-butanol. The
mixture was heated to reflux at 120° C. for 1 hour under
agitation at normal pressure. Subsequently, crystals precipi-
tated after cooling were filtered off and washed with a small
amount of methanol, and then vacuum-dried to obtain 2,5-
dimethyl-4-cyanobenzoguanamine at a yield of 98%.

Example 1

A pressure resistant vessel of stainless steel with an inner
volume of 100 mL equipped with a thermometer sheath tube
and a pressure gauge was charged with 3.2 g of m-cya-
nobenzoguanamine obtained in Synthesis Example 1,0.14 g
of sodium hydroxide, 0.5 g of a commercially available
sponge nickel catalyst (R-200 manufactured by Nikko Rica
Corporation), and 30 g of methyl cellosolve as solvent. After
the atmosphere in the reaction vessel was substituted with
nitrogen, hydrogen at 5 MPa was applied to the interior to
be sealed. The vessel was heated and held at 60° C. for 2
hours under agitation. After cooling and reduction in pres-
sure, the catalyst and insoluble substances were separated
from the reaction liquid. The solvent was further condensed
with an evaporator, and the product was recrystallized with
methyl cellosolve, so that white crystals were obtained as a
main product. It was confirmed that the white crystal was
m-aminomethylbenzoguanamine by 'H and *C-NMR
charts (FIGS. 1 and 2), an IR chart (FIG. 3), and El+ and CI+
mass spectra of GC-MS (FIGS. 4 and 5). As a result of gas
chromatography analysis of the solution obtained by sepa-
rating the catalyst and insoluble substances from the reaction
liquid, the yield of m-aminomethylbenzoguanamine was
90%.

Example 2

The same reaction vessel as in Example 1 was charged
with 1.5 g of p-cyanobenzoguanamine obtained in Synthesis
Example 2, 0.08 g of sodium hydroxide, 0.5 g of a com-
mercially available sponge nickel catalyst (R-200 manufac-
tured by Nikko Rica Corporation), and 30 g of methyl
cellosolve as solvent. After the atmosphere in the reaction
vessel was substituted with nitrogen, hydrogen at 5 MPa was
applied to the interior to be sealed. The vessel was heated
and held at 60° C. for 1 hour under agitation. After cooling
and reduction in pressure, the catalyst and insoluble sub-
stances were separated from the reaction liquid. The solvent
was further condensed with an evaporator, and the product
was recrystallized with methyl cellosolve, so that white
crystals were obtained as main product. It was confirmed
that the white crystal was p-aminomethylbenzoguanamine
by 'H and *C-NMR charts (FIGS. 6 and 7), an IR chart
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12
(FIG. 8), and EI+ and CI+ mass spectra of GC-MS (FIGS.
9 and 10). As a result of gas chromatography analysis of the
solution obtained by separating the catalyst and insoluble
substances from the reaction liquid, the yield of p-aminom-
ethylbenzoguanamine was 91%.

Example 3

A pressure resistant vessel of stainless steel with an inner
volume of 300 mL equipped with a thermometer sheath tube
and a pressure gauge was charged with 9.0 g of p-cyanoben-
zoguanamine obtained in Synthesis Example 2, 0.45 g of
sodium hydroxide, 1.5 g of a commercially available sponge
nickel catalyst (R-200 manufactured by Nikko Rica Corpo-
ration), and 90 g of methyl cellosolve as solvent. After the
atmosphere in the reaction vessel was substituted with
nitrogen, hydrogen at 5 MPa was applied to the interior to
be sealed. The vessel was heated and held at 80° C. for 2
hours under agitation. After cooling and reduction in pres-
sure, the catalyst and insoluble substances were separated
from the reaction liquid. As a result of gas chromatography
analysis of the solution, the yield of p-aminomethylbenzo-
guanamine was 85%. The solvent was further condensed
with an evaporator, and the product was recrystallized with
methyl cellosolve, so that 7.1 g of white crystals were
obtained as main product. As a result of gas chromatography
analysis of the white crystals, the purity of p-aminomethyl-
benzoguanamine was 95% and the yield of the crystal
p-aminomethylbenzoguanamine relative to the prepared
P-cyanobenzoguanamine was 73%.

Example 4
The same reaction vessel as in Example 1 was charged
with 1.8 g of 2,5-dimethyl-4-cyanobenzoguanamine

obtained in Synthesis Example 3, 0.14 g of sodium hydrox-
ide, 0.5 g of a commercially available sponge nickel catalyst
(R-200 manufactured by Nikko Rica Corporation), and 30 g
of methyl cellosolve as solvent. After the atmosphere in the
reaction vessel was substituted with nitrogen, hydrogen at 5
MPa was applied to the interior to be sealed. The vessel was
heated and held at 100° C. for 3 hours under agitation. After
cooling and reduction in pressure, the catalyst and insoluble
substances were separated from the reaction liquid. The
solvent was further condensed with an evaporator, and the
product was recrystallized with methyl cellosolve, so that
white crystals were obtained. It was confirmed that the white
crystal was 2,5-dimethyl-4-aminomethylbenzoguanamine
by 'H and **C-NMR charts (FIGS. 11 and 12), an IR chart
(FIG. 13), and El+ and CI+ mass spectra of GC-MS (FIGS.
14 and 15). As a result of gas chromatography analysis of the
solution obtained by separating the catalyst and insoluble
substances from the reaction liquid, the yield of 2,5-dim-
ethyl-4-aminomethylbenzoguanamine was 90%.

Example 5

Except that a sponge cobalt catalyst (R2724 manufactured
by W. R. Grace & Co.) was used instead of the sponge nickel
catalyst, the reaction vessel was charged with the same raw
materials as in Example 1. After the atmosphere in the
reaction vessel was substituted with nitrogen, hydrogen at 5
MPa was applied to the interior of the vessel to be sealed.
The vessel was heated and held at 80° C. for 3 hours under
agitation. After cooling and reduction in pressure, the cata-
lyst and insoluble substances were separated from the reac-
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tion liquid. As a result of gas chromatography analysis of the
solution, the yield of m-aminomethylbenzoguanamine was
86%.

Example 6

A 200 mL three-neck flask equipped with a thermometer
sheath tube and a reflux condenser was charged with 2.0 g
of 3-cyanobenzylamine, 1.0 g of dicyandiamide, 0.1 g of
potassium hydroxide, 12.0 g of m-xylenediamine and 25 g
of 1-butanol. The mixture was heated to reflux at 120° C. for
5 hours under agitation at normal pressure. Subsequently,
crystals precipitated after cooling were filtered off and
washed with a small amount of methanol, and then vacuum-
dried to obtain white crystals. It was confirmed that the
white crystals were m-aminomethylbenzoguanamine based
on the retention time in gas chromatography. The yield of
m-aminomethylbenzoguanamine was 74%.

Example 7

A 200 mL three-neck flask equipped with a thermometer
sheath tube and a reflux condenser was charged with 2.1 g
of 4-aminomethylbenzonitrile hydrochloric acid salt, 1.1 g
of dicyandiamide, 1.0 g of potassium hydroxide, and 25 g of
1-butanol. The mixture was heated to reflux at 120° C. for
7 hours under agitation at normal pressure. Subsequently,
crystals precipitated after cooling were filtered off and
washed with a small amount of methanol, and then vacuum-
dried to obtain white crystals. It was confirmed that the
white crystals were p-aminomethylbenzoguanamine based
on the retention time in gas chromatography. The yield of
p-aminomethylbenzoguanamine was 57%.

Example 8

A pressure resistant vessel of stainless steel with an inner
volume of 20 mL equipped with a thermometer sheath tube
and a pressure gauge was charged with 0.4 g of 4-aminom-
ethylbenzonitrile hydrochloric acid salt, 0.2 g of dicyandi-
amide, 0.21 g of potassium hydroxide, and 5 g of methanol.
The vessel was sealed and held at 160° C. for 2 hours under
agitation. After cooling, the product was dissolved in tetra-
hydrofuran. As a result of gas chromatography analysis, the
yield of p-aminomethylbenzoguanamine was 52%.

Example 9

To 4.5 g of an epoxy resin (JER828 manufactured by
Mitsubishi Chemical Corporation), 0.87 g of m-aminometh-
ylbenzoguanamine was added, and the mixture was agitated,
mixed, and then heated at 180° C. for 2 hours, so that a
transparent pale yellow cured resin was obtained. As a result
of DSC analysis of the cured resin (temperature rising rate:
10° C./min, temperature measurement range: 50 to 300° C.,
nitrogen atmosphere), the glass transition temperature was
138° C. The results are shown in Table 1.

Examples 10 to 11
Except that the compounds shown in Table 1 were used
instead of m-aminomethylbenzoguanamine, the same pro-
cedures were repeated to obtain cured resins as in Example
9. The results are shown in Table 1.

Comparative Example 1

Except that m-xylenediamine which is known as an
amine-based epoxy resin curing agent as described on p. 124
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in “Review of Epoxy Resins (edited by The Japan Society of
Epoxy Resin Technology) vol. 1, Basics I”” was used instead
of m-aminomethylbenzoguanamine, the same procedures
were repeated to obtain a cured resin as in Example 9. The
results are shown in Table 1.

TABLE 1
Glass
transition
Weight Color of tem-
Raw material amine (g) cured resin  perature
Example m- 0.87 Transparent 138° C.
9  Aminomethylbenzoguanamine pale yellow
Example p- 0.87 Transparent 125° C.
10 Aminomethylbenzoguanamine pale yellow
Example 2,5-Dimethyl-4- 0.99 Transparent 151° C.
11 aminomethylbenzoguanamine pale yellow
Com- m-Xylenediamine 0.82 Transparent 111° C.
parative pale yellow
Example

1

As shown in Table 1, a cured epoxy resin excellent in heat
resistance with a high glass transition temperature can be
obtained by using the benzoguanamine having an aminom-
ethyl group of the present invention as an epoxy resin curing
agent, so that the present invention has great significance.

The present application is based on Japanese Patent
Application filed to Japan Patent Office on Aug. 5, 2013
(Japanese Patent Application No. 2013-162021), contents of
which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

A benzoguanamine compound having an aminomethyl
group of the present invention, or a salt thereof can be an
important compound in organic synthetic chemistry as raw
material for thermosetting resins, having industrial applica-
bility as: a thickener for epoxy curing materials, coating
materials, molding resins, decorative boards, resins for pro-
cessing fiber and paper, adhesives, and heat-resistant lubri-
cant; a raw material or an additive for polyamide; an agent
for preventing resist peeling; a UV ray absorber; or a raw
material for medical drugs.

The invention claimed is:

1. A benzoguanamine compound having an amino methyl
group, represented by the following Formula (1), or a salt
thereof:

L
N
n(H,NH,C) ?\/j>_<N :<
N
/AW
N

wherein R represents a substituent selected from the
group consisting of hydrogen, an alkyl group having 1
to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, an aryl group having 6 to 10 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms,
a hydroxyl group, an amide group, and a halogen atom,

and n is an integer of 1 to 2.
2. The benzoguanamine compound having an amino
methyl group, or a salt thereof according to claim 1, being

=6
H.

2
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o-aminomethylbenzoguanamine, m-aminomethylbenzogua-
namine, or p-aminomethylbenzoguanamine, or a salt
thereof.

3. A method for manufacturing a benzoguanamine com-
pound having an amino methyl group, or a salt thereof
comprising:

a reduction step for obtaining the benzoguanamine com-
pound represented by the following Formula (1) having
an aminomethyl group, or a salt thereof by hydrogen
reduction of a cyanobenzoguanamine compound rep-
resented by the following Formula (2), or a salt thereof
in the presence of a catalyst and a solvent:

NH,
n(NC) ?/\j>_<N :< +2nH,
\ N —_—
7\ /<
N,
@
NH,
R(HNHSC) ?/i>_<N :<
\ N
-/ \ /<
NH

M

2

wherein R represents a substituent selected from the
group consisting of hydrogen, an alkyl group having 1
to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, an aryl group having 6 to 10 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms,
a hydroxyl group, an amide group, and a halogen atom;
and n is an integer of 1 to 2.
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4. The method for manufacturing the benzoguanamine
compound having an amino methyl group, or a salt thereof
according to claim 3, wherein the catalyst comprises a
sponge metal catalyst.

5. A method for manufacturing a benzoguanamine com-
pound having an amino methyl group, or a salt thereof
comprising:

a reaction step for obtaining the benzoguanamine com-
pound represented by the following Formula (1) having
an aminomethyl group by reacting an aminomethyl-
benzonitrile compound represented by the following
Formula (3), or a salt thereof with a dicyandiamide
compound represented by the following Formula (4) or
a salt thereof:

n(HZNHZC)\_ NH
<\:>7CN + HZN%
R/\ / HN—CN
€

“
NH,
n(HNH,C) ?_ N :<
N
AN
NH.

@®

2

wherein R represents a substituent selected from the
group consisting of hydrogen, an alkyl group having 1
to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, an aryl group having 6 to 10 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms,
a hydroxyl group, an amide group, and a halogen atom;
and n is an integer of 1 to 2.
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